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What is claimed is: 

1. A method for increasing the stability of a protein 
comprising substituting an amino acid at a preselected substi- 
tution site in the protein, said substitution site having phi 
and psi backbone conformational angles in the range of phi = 
-40° to -90° when psi = 0° to -60°, or in the range of phi = 
-40° to -95° when psi = 120° to 180° and capable of 
accomodating said amino acid without disruption of the three- 
dimensional structure of the protein such that introduction of 
said amino acid decreases the conf igurat ional entropy of 
unfolding of said protein. 

2. The method of Claim 1 wherein said preselected substitu- 
tion site is any amino acid residue except proline and the 
amino acid introduced at said site is proline, and said method 
further comprises the step of determining the phi and psi 
values of the amino acid residue in the amino acid sequence of 
the protein immediately preceding the side of said proline 
substitution, such that if the psi value of the preceding 
amino acid residue is between 0° and -90° then the substitu- 
tion site must have phi and psi values in the range of phi 

= -40° to -90° when psi = 0° to -60°, but if the psi value of 
the preceding amino acid residue is not between 0° and -90° 
the the substitution site may have phi and psi values either 
in the range of phi » -40° to -90* when psi = 0° to -€0°, or 
in the range of phi - -40° to -95° when psi =120° to 180°. 

3. The method of Claim 1 wherein said preselected substitu- 
tion site is a glycine amino acid residue and the amino acid 
introduced is any amino acid having a 8 carbon atom or 
branched S carbon atom. 

4. A method for increasing the stability of a protein 
comprising substituting a glycine amino acid residue having a 
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negative phi angle with an alanine to decrease the configura- 
tional entropy of unfolding of the protein. ■ 

5. A method for selecting substitution sites suitable for 
introduction of amino acids in a protein such that introduc- 
tion of said amino acids increases the stability of the pro- 
tein, comprising the steps of: 

a) determining from the crystallographic structure of a 
protein the backbone conformational angles phi and psi of said 
protein; 

b) screening said phi and psi angles determined in 
step a) to identify potential substitution sites in said pro- 
tein having conformational phi and psi angles in the range of 
phi = -40° to -90° when psi = 0° to -60 °, or in the range of 
phi = -40° to -95° when psi = 120° to 180° for introduction of 
said amino acids; and 

c) examining a structural model of the protein to 
determine from the potential substitution sites identified in 
step b) substitution sites that will accomodate substitution 
of an amino acid without disruption of the three-dimensional 
structure of the protein, whereby substitution of said substi- 
tution site results in a decrease in the conf igurational 
entropy of unfolding of the protein. 

6, The method of Claim 5 wherein the amino acid to be sub- 
stituted into said substitution site is proline, and the step 
of screening of step b) comprises the additional substep of 
determining whether the amino acid residue preceding the 
potential substitution site identified in step b) has psi $ 
angles between 0° and -90 a , and if so then the step c) of 
examining comprises the substep of determining a substitution 
site having phi and psi angles in the range phi = -40° to -90° 
when psi » 0° to -60°. 
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7. Streptomvces rubiqinosus , ( S. rubiqinosus ). xylose 
isomerase mutein having a change in at least one position in 
the native amino acid sequence at a position equivalent to a 
native amino acid residue selected from the group consisting 
of Lysinel83' Iorsine 2B g, Histidine 54/ Histidine 22 o ' 
Methionine 2 23/ Arginine 14 g, Tryptophan 16 , Tryptophan 137 , 
Phenylalanine^ , Glycine 146 , Glycine 16 g, Glycine ig7 , 
Glycine 2ig , Glycine 231/ Glycine 248/ Glycine 2g8 , Glycine 3Q5 , 
Glycine 3 g g , Leucine 15 , Alanine 2g , Alanine 33 , Asparagine 10 7 ? 
Arginine log , G 1 ycine 14gf Valine 151 , Glycine 18gf Leucine ig2 , 
Glutamic acid 207 , Arginine 25g , Threonine 342 , Arginine 354 , 
Glycine 3 g g , Aspartic acid 28/ Arginine 32 , Serine 64 , Valine 218 , 
Arginine 2g2 , lsoleucine 2g2 , Aspartic acid g , Glutamine 21 , 
Alanine 2g , Arginine 32 , Glutamic acid 38 , Leucine 46 , Aspartic 
acid 5 g f Leucine 58 , Valine 127 , Threonine 133 , Alanine 13 g, 
Arginine 177 , Isoleucine 180 # Leucine ig3 , Leucine 211 , 
Asparagine 227 , Glutamine 234 , Alanine 238 , Leucine 24 g, 
Arginine 284 , Arginine 3 Q 8 , Leucine 311 , Arginine 31 g, Leucine 335 , 
Valine 3 g 2 f Methionine 37 Q , Leucine 37 g, Leucine 383 , Glutamine 21 , 
Asparagine g2 f Asparagine^Q-y ? Asparagine 185/ Asparagine 227 , 
Glutamine 234 , Glutamine 25 g , Asparagine 30g> , Glutamine 377 , 
Tryptophan 27 Q / Glycine-^, Phenylalanine 32 Q, Histidine 382 , 
Glutamic acid 337 , Arginine 10g , Glycine 18g , Glutamic acid 144/ 
Glycine 251 , Glycine 225 , Alanine 36 g, Valinegg, Glutamine 24g , 
Glycine 2ig , Glutamic acid 207 , Aspartic acid 163 , Aspartic acid 
57f Glutamic acid i 86 ; Glutamic acid 141 , Glutamic acid 221 , 
Aspartic acid 287 ; Argininei 77 ; and Aspartic acid 34 g. 

8. The S. rubiqinosus xylose isomerase mutein of Claim 7 
wherein the change is in the lysine amino acid residue equiva- 
lent to Lys 183 and said change is substitution by an amino 
acid selected from the group consisting of Arg r Gin, Asn, Asp, 
Glu, Ser f Thr, His, Tyr, Ala, Val, Leu and He; or 
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the change is in the lysine amino acid residue equivalent 
to Lysine289 and said change is substitution by an amino acid 
selected from the group consisting of Arg, Gin, Asn, Asp, Glu, 
Ser Thr, His, Tyr, Ala, Val r Leu and He; or 

the change is in the histidine amino acid residue equiva- 
lent to His 54 and said change is substitution by an amino acid 
selected from the group consisting of Gin, Glu, Asn, Asp, Ser, 
Thr, Ala, Val, and Tyr; or 

the change is in the histidine amino acid residue equiva- 
lent to His22o and said change is substitution by an amino 
acid selected from the group consisting of Gin, Glu, Asn, Asp, 
Ser, Thr, Ala, Val, and Tyr; or 

the change is in the methionine amino acid residue equiv- 
alent to Met223 ^d said change is subs i tut ion by an amino 
acid selected from the group consisting of Gly, Ala, Val, Leu, 
lie, Phe, Tyr, Gin, and Asn; or 

the change is in the arginine amino acid residue equiva- 
lent to Arg 140 and said change is substitution by an amino 
acid selected from the group consisting of Gin, Asn, Glu., Asp, 
He, Leu, Ala, Val, and Tyr; or 

the change is in the tryptophan amino acid residue equiv- 
alent to Trp 16 and said change is substitution by an amino 
acid selected from the group consisting of Asn, Gin, Ser, Thr, 
Gly, Ala, Val, Leu, lie, Tyr, Phe, and His; or 

the change is in the tryptophan amino acid residue equiv- 
alent to Trp 137 and said change is substitution by an amino 
acid selected from the group consisting of Asn, Gin, Ser, Thr, 
Gly, Ala, Val, Leu, He, Tyr, Phe, and His; or 
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the change is in the phenylalanine amino acid residue 
equivalent, to Phe94 and said chan 9 e is substitution by an 
amino acid selected from the group consisting of Thr, Ser, 
His, Val, Gly, Ala, lie, Leu, Asn, and Gin; or 

the change is substitution of the glycine amino acid res- 
idue equivalent to Gly x where x is selected from the group 
consisting of residues 146, 166, 197, 219, 231, 248, 298, 305 
and 369, and said Gly substituted with an amino acid other 
than glycine; or 

the change is substitution by proline in the amino acid 
residue equivalent to an amino acid residue selected from the 
group consisting of Leu 15 , Asp 28 , Ala 2 g, Arg 32 , Ala 33 , Ser 64 , 
Asn 1Q7 , Arg log , Gly 146 , Val 151 , Gly 18g , Leu ig2 , Glu 207 , 
Val 218 , Ue 252 , Arg 25g , Arg 2g2 , Thr 342 , Arg 354 , Gly 36g , 
Arg 177 , and Asp 345 ; or 

the change is double substitutions of cysteine in the 
amino acid residues equivalent to pairs of amino acid residues 
selected from the group consisting of Trp 270 and Gly 14 g, 
Phe 320 and His 382 , Glu 337 and Arg log , Gly 18g and Glu 144 , 

Glv 251 and Glv 225' Ala 336 and Val 98' Gln 249 and Glv 219' and/or 
Glu 207 and Asp 163 ; or 

the change is substitution by tyrosine in the amino acid 
residues equivalent to an amino acid residue selected from the 
group consisting of Asp g , Gln 21 , Ala 2g , Arg 32 , Glu 38 , Leu 46 , 
Asp 56 , Leu 58 , Val 127 , Thr 133 , Ala 136 , Arg 177 , Ue 180 , Leu ig3 , 
Leu 211 , Asn 227 , Gln 234 , Ala 238 , Leu 246 , Arg 284 , Arg 30Q , 
Leu 311 , Arg 316 , Leu 335 , Val 362 , Met 370 , Leu 375 and Leu 383 ; or 

the change is substitution by phenylalanine in the amino 
acid residue equivalent to an amino acid residue selected from 
the group consisting of Leu 46 , Asp 56 , Leu 58 , Thr 133 , Ala 13g , 
Ile 180 , Leu ig3 , Leu 211 , Asn 227 , Gln 234 , Ala 238 , Leu 246 , 
Leu 311 , Leu 335 , Val 362 , Met 370 , Leu 375 and Leu 383 ; or 
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the change is substitution by tryptophan in the amino 
acid residue equivalent to Asn227' or 

the change is substitution by an amino acid residue 
selected from the group consisting of Ala, Val, Leu, lie, Ser, 
Thr, His, Tyr, Lys, Arg, Met and Pro in the amino acid residue 
equivalent to an amino acid residue selected from the group 
consisting of Gln 21 , Asn g2 , Asn 107 , Asn ia5 , Asn 227 , Gln 234 , 
Gln 256' Asn 309' and Gln 377? or 

the change is in the aspartic acid amino acid residue 
equivalent to Asp 57 and said change is substitution by an 
amino acid selected from the group consisting of Lys, Arg, 
Gly, Ala, Gin, Asn, Thr and Ser; or 

the change is in the glutamic acid amino acid residue 
equivalent to Glu 186 and said change is substitution by an 
amino acid selected from the group consisting of Lys, Arg, 
Gly, Ala, Gin, Asn, Thr and Ser; or 

the change is substitution of the aspartic acid amino 
acid residue equivalent to Asp 57 and said substitution is with 
an amino acid other than. aspartic acid or glutamic acid; or 

the change is substitution in the glutamic acid amino 
acid residue equivalent to Glti 186 and said change is substitu- 
tion by an amino acid other than aspartic acid or glutamic 
acid; or 

the change is substitution by glutamine in the glutamic 
acid amino acid residue equivalent to Glu 221 ; or 

the change is substitution by glutamine in the glutamic 
acid amino acid residue equivalent to Glu ui . 
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9. A nucleic acid encoding the xylose isomerase of Claim 7 
or 8 said nucleic acid being substantially free of nucleic 
acid that does not encode the xylose isomerase of Claim 7 or 
8. 

10. An expression vector for mutant procaryotic xylose 
isomerase which comprises the nucleic acid of Claim 9 operably 
linked to control sequences compatible with a host cell. 

11. A method for enhancing the conversion of glucose to 
fructose and xylose to xylulose which comprises exposing an 
effective amount of the xylose isomerase mute in of Claim 7 or 
8 to glucose and xylose, respectively. 

12. The xylose isomerase mutein of Claim 7 wherein the 
expressed xylose isomerase exhibits a change in one or more of 
the characteristics of chemical stability, k cat ^/ k C2t f K g , K p 

temperature stability, specific activity and a lowered pH 
optimum of the isomerase, as compared to the reference xylose 
isomerase . 
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ATGAACTACCAGCCCACCCCCGAGGACAGGTTGACCTTCGGACTGTOGACCGTCGGCTGG 
1 METAsnTyrGl.nProThrProGluAspArgPheThrPheGlyLeuTrpTlirValGlyTrp 

CAGGGACGGGACCCCTTCGGTGACGCCACGCGGCGCGCCCTCGACCCGGTCGAGTCGGTG 
21 GlnGlyArgAipProPheGlyAspAlaThrArgArgAlaLeuAspProValGluSerVal 

CGGCGGCTGGCCGAGCTGGGCGCCCACGGCGTCACGTTCCACGACGACGACCTCATCCCC 
41 ArgArgLeuAlaGluLeuGlyAlaHisGlyValThrPhcHiaAspAspAspLcuIlePro 

TTCGGCTCCAGCGACAGCGAGCGCGAGGAGCACGTCAAGCGGTTCCGGCAGGCGCTGGAC 
61 PHeGlySerSerAspSerGluArgGluGluHisValLysArgPieArgGlaAlaLeuAsp 

GACACCGGCATGAAGGTGCCGATGGCCACCACCAAlCCTGTTCACCCACCCGGTGTTCAA^ 
81 A« pTi r G 1 yMETLy 5 Va I P r oMETAl aTh rTh rAa nL e uPh e Th rHi a P r o Va 1 Pa e Ly s 

GACGGCGGCTTCACCGCQ^CGACCGCGACGTGCGCCGCTACGCCCTG 
101 AapGlyGlyPheThrAl aAanAapArgAapValArgArgTyrAl aLeuArgLytThr 1 1 e 

CGCAACATCGACCTCGCGGTCGAGCTCGGCGCCGAGACCTATGTGGCCTGGGGCGGCCGC 
121 Ar gAsn 1 1 eAa pLeuAl aVa IGIuLcuGlyAl aGluTh rTy rVa 1A1 aTrpGl yGl yAr g 

GAGGGTGCCGAGTCGGGTGGCGCCAAGGACGTGCGGGACGCCCTCGACCGCATGAAGGAG 
141 OluGlyAlaGluSerGlyGlyAlaLysAspValArgAspAlaLeuAspArgMETLyaOlu 

GCCTTCGACCTGCTCGGCGAGTACGTCACCTCCCAGGGCTACGACATCCGCTTCGCCATC 
161 AlaPheAipLeuLeuGlyGluTyrValThrSerGlaGlyTyrABpIleArgPheAUIle 

GAGCCCAAGCCGAACGAGCCGCGCGGCGACATCCTGCTCCCCACCGTCGGCCACGCCCTG 
181 GluProty«ProAsnGluProArgGlyAspIleLeuLeuProThrValGlyHisAlaLeu 

GCGTTCATCGAGCGCCTGGAGCGACCGGAGCTGTACGGCGTGAACCCCGAGGTCGGCCAC 
iOl AlaPhelleGluArgLcuGluArgProGluLeuTyrGlyValAaaProGluValGlyHis 

GAGCAGATGGCCGGGCTGAACTTCCCGCACGGCATCGCGCAGGCGCTGTGGG 
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221 GluGlnMETAl &GlyLeuAsnPheProHi aGlyl 1 eAI aGlnAlaLeuTrpAl aGlyLyt 

CTGTTCCACATXXiACCTCAACGGCCAG^ 
241 LeuPheHitll.AipLeuAinGlyGlnAinGlylleLyiTyrAfpGlaAipLeuArgPhe 

GGCGCGGGCGACCTGCXKKSCCGCGTTCTGGCTGGTGGACCTGCTGGAGTCGGCCGGCTA^ 
261 Gl yAl aGl yAs pLe uAr gAl aAl aPh eTr pLe uVa 1 At pLe uLe uGl uS e rAl aGl yTy r 

AGCGGCCXGCGGCACTTCGACnTC^AGCCGCCGCGGAC^ 
281 SerGlyProArgHiaPheAapPheLyiProProArgThrGluAipPheAipGlyValTrp 

GCCTCGGCGGCCGGCTGCATGCGCAACTAGCTGATCCTCAA^ 
301 Al a S e r Al aAl aG 1 yCy sMETAr gAanTyrLeuI 1 eLeuLyiGluArgAl aAl aAl a Ph e 

CGCGCCGACCCCGAGGTGCAGGAGGCGCKX^CJCGTCCCGTC^ 
321 ArgAlaAspProGluValGlnGIuAlaLeuArgAlaSerArgLeuAipGluLeuAlaArg 

CCC&CGGCGGCCGACGGTCTGCAGGCCCIX3CTCGACGA 
341 ProThrAlaAUAspGlyLeuGlaAlaLeuLeuAipAipArgSerAlaPlieGluGluPlxe 

GACGTCGACGCGGCGGCGGCCCGTGGGATXKKXTTCGAGCGCCTGGACCAGCTGG 
3 6 1 AspVa 1 AapAl aAl aAl aAl aAr gGlyMETAl aPheGl uAr gLeuAs pGlaLeuAl aMET 

GACCACCTGCTGGGCGCCCXXXXjCTGA 
381 AapHiaLeuLeuGlyAlaArgGly... 
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